I. INTRODUCTION
Rural access is among the most important infrastructure constraints to development in rural Africa. A spatial analysis by indicates that crop productivity in Africa is closely related to transport connectivity. Dercon et al. (2012) show that access to an allweather road has a significant impact on farmers' welfare in Ethiopia. Similar results were found by Bachewe et al. (2017) . In general, although causality is always a difficult issue, the literature is supportive of a wide range of socioeconomic impacts of improved rural accessibility around the world. In the short term, transport costs and travel time can be reduced by improved road conditions, and resilience to drought is improved (e.g., Lokshin and Yemtsov 2005; Danida 2010 ). Over the longer term, agricultural productivity would likely be increased (Khandker et al. 2009; Bell and Van Dillen, 2014) , and firms would become more profitable with more jobs created (Mu and van de Walle, 2011) . Poverty could then be alleviated (Dercon et al. 2009; Khandker and Koolwal, 2011) .
However, there are still divergent views on results chains for rural access improvement. For example, there has long been a debate on the relative importance of agricultural and nonagricultural impacts. Bell and van Dillen (2014) show that a higher level of road accessibility increased crop output prices by 5 percent in India. Improved rural road connectivity can also increase agricultural employment and working hours in Nicaragua. (Rand, 2011) . According to Diao et al. (2012) , agricultural growth has a greater impact on poverty reduction in many African countries. This is primarily because the vast majority of the poor engage in agricultural production in rural Africa.
However, there are also spillover effects on non-agricultural sectors. Manufacturing growth, especially in the agro-processing subsector, is often found to be critical for poverty reduction (Dorosh and Thurlow, 2017) . Some studies, such as Shirley and Winston (2004) and Datta (2012) show that improved road accessibility can reduce firms' inventory costs, though the studies are focused on connectivity to primary roads. But firms are generally likely to flock together where good transport infrastructure is available (e.g., Cieślik and Ryan, 2004; Boudier-Bensebaa, 2005) . New local businesses may also emerge (Mu and van de Walle, 2011) . Given the rapid urbanization trend, non-agricultural activities, regardless of whether they are formal or informal, are certainly becoming more and more important even in Africa.
The current paper examines the question of whether improved rural accessibility has promoted agricultural or non-agricultural growth, or both. It attempts to identify the relative importance of different growth channels. For the agricultural growth channel, it investigates whether the road improvements impacted on people's access to markets for inputs or outputs.
The literature is supportive of both cases. While proximity allows farmers to use more advanced inputs, such as fertilizer (e.g., Sheahan and Barrett, 2017; Damania et al., 2017) , farmers' participation in the output market would be stimulated by lower crop transport costs (e.g., Key et al., 2000) . For the non-agricultural growth channel, the paper investigates further the causes for non-agricultural income growth. The analysis will be extended to the estimation of people's demand for transportation services and the indirect impacts on local businesses, especially, job creation.
Of particular note, the paper examines the impacts of different types of road improvement works. Though often forgotten, different roads fulfill different functions. While feeder roads provide last-mile connectivity to local farmers and businesses, the higher level of the road network, such as trunk roads and regional corridors, connects major cities and economic activities, carrying consolidated traffic between urban and rural areas. There is little evidence of the interaction effects between them. One of the few studies is Bell and van Dillen (2014) , which indicate some heterogeneous impacts between highways and feeder roads: Crop prices decrease with distance along a major road link but increase with distance along a stretch of feeder road. By contrast, Khandker et al. (2009) show that rural road investment can increase output prices, while reducing farmgate prices of inputs. In the general equilibrium context, Warr (2008) shows the particular importance of the minimum level of accessibility to reduce poverty in the Lao People's Democratic Republic. By contrast, Escobal and Ponce (2002) find that households in villages receiving motorable roads had an average increase in household income of 35 percent, with no effect for treated households served by nonmotorable roads.
The paper will cast light on such heterogeneity and complementarities across different types of roads. Our data come from five rounds of household surveys carried out in Ethiopia for the period 2012 to 2016. In recent years, the Government of Ethiopia has been investing heavily in both primary and feeder roads. Under the Road Sector Development Program (RSDP), many Trunk and Link Roads have been rehabilitated. There are also rural road initiatives, such as Universal Rural Road Access Programme (URRAP), which is focused on feeder road improvement at the village (kebele) level. Different levels of connectivity are likely to contribute to the economy in different ways.
The paper is organized as follows: Section II provides a brief overview of the country context, specifically focused on the agriculture and road sectors. Section III develops our empirical strategy. Section IV provides more details on our data. Section V presents main results and discusses policy implications. Then Section VI concludes.
II. AGRICULTURE AND ROAD SECTORS IN ETHIOPIA
In Ethiopia, agriculture remains among the most important economic sectors. It produces about one-third of GDP, employs 70 percent of the workforce and accounts for 80 percent of the country's merchandise exports (Ethiopian Agricultural Transformation Agency, 2014) .
Ethiopia produces about US$6 billion of crops a year, including teff, maize, coffee, beans, sorghum and wheat. Coffee is one of the traditional export crops of the country. Agricultural productivity is generally low but compares favorably to neighboring countries. Earlier studies (e.g., Taffesse et al., 2012; Spielman et al., 2012) show that agricultural growth was largely attributed to expansion of land area cultivated during the 1990s, but productivity growth has also been contributing since the early 2000s. 
III. EMPIRICAL STRATEGY
To assess the impacts of road improvements, the following production function is considered: , as well as agricultural inputs used (X) and other household-specific characteristics (Z).
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is set to be one if the main road closest to household i was rehabilitated by the point of time t. Similarly,
URRAP it
D is set to be one if the closest feeder road was rehabilitated by URRAP. β3 is expected to capture the interaction effect between the two interventions. As our data are panel, ci and ct are the individual-and time-specific fixed-effects, respectively.
Our identification strategy is based on the phased nature of the two road programs. Even along the same road, some segments may have been completed earlier than others. Therefore, some groups benefit from the programs earlier than others. The current paper takes advantage of such time lags in project implementation and applies the difference-in-differences (DID) method with various covariates taken into account. Among the RSDP roads, for example, the Aposto-Wendo-Negele Corridor was divided into three contract lots (Table 1) . While two lots were completed by 2013, the final lot was handed over in 2014. The household surveys were carried out in the almost same season every year. This creates an opportunity to distinguish beneficiaries and nonbeneficiaries at a certain point of time. The Kombolcha-Bati-Mille and Ankober-Awash Arba Corridors can be considered as a full comparison group because no road work had yet been completed when the last round of the survey was carried out. Feeder road works under the URRAP were also implemented using a similar phased approach. But unlike the above RSDP roads, which are major intercity roads and take 3 to 4 years to be rehabilitated, the URRAP roads are gravel roads. It usually takes 3 to 6 months to carry out improvement works. The completion year differs from road to road even in the same locality (Figure 2) . Again, this allows to identify potential beneficiaries and nonbeneficiaries from improved feeder roads. Therefore, depending on the timing, some households may benefit from the RSDP, but not the URRAP, at a particular point of time.
An advantage of the DID estimator is that it allows the control of unobserved heterogeneity between the treatment and comparison groups and mitigates the self-selection bias, as far as time-invariant unobservables are concerned. As often discussed, however, this may be a strong assumption. To reduce this risk, time-variant household characteristics are included on the right-hand side of the regression equation (e.g., Jalan and Ravallion 1998). Then, the fixed-effects panel regression is performed. Another important empirical question related to the identification strategy is who the actual beneficiaries are. Unlike other infrastructure services with excludability, roads are generally nonexcludable public goods (except for toll roads). It is not unambiguous whether people who live close to a road are actually benefiting from that road. It must depend on their needs for mobility and destinations of travel. In our data, the average distance that farmers travel to sell their produce at market is 8.9 km, but most farmers travel less than 2 km (Figure 3 ).
Benefits from roads can be both direct, for people who make increased use of a road to travel, or indirect, when school services improve, commodity prices fall or market prices for outputs increase.
This inspires an alternative identification strategy based on proximity of households to roads.
Although its validity needs to be ex post examined empirically, a threshold of 2km was is defined in the same way.
To allow this identification strategy, our surveys covered both households who live close to and far from each project road.
This identification strategy has the advantage of controlling for unobserved local conditions since we have both beneficiaries and nonbeneficiaries within the same local area along a given road. Though, it is a naïve approach because household placement may be selfselected. It is plausible that those who live closer to the road network may be systematically more productive than remote households. The individual fixed-effects are expected to remove such time-invariant factors. Under the same identification strategies, two additional models are examined. First, the farmers' technology adoption decision is analyzed to understand the reasons for possible agricultural income growth. As in earlier studies (e.g., Taffesse et al., 2012; Rashid et al., 2013) , access to advanced inputs is a critical constraint in Ethiopia. To this end, the following specification is considered: Two inputs, k, are considered for X: {Fertilizer (F) and Pesticide (P)}.
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When estimating the equation, one empirical issue is that many input variables are likely to be zero in developing countries. According to Taffesse et al. (2012) , fertilizer was applied to less than 40 percent of cereal acreage, and pesticides to about 20 percent of land in Ethiopia. Our sample data are consistent and show even more limited use: About 20 percent and 10 percent of households surveyed used fertilizer and pesticides, respectively. To deal with this problem, the truncated regression model with fixed effects is applied:
where ε is a very small positive number to avoid taking the logarithm of zero. Except for the truncated observations, the distribution of the amount of fertilizer or pesticides used is close enough to a normal distribution, which is needed to perform the truncated regression model 
Our data cover 28 crops, such as teff, maize, coffee and beans. To aggregate them, producer price data are used from FAOSTAT. Note that as in the case of advanced inputs used, not many farmers have yet participated in market transactions in rural Ethiopia. In our survey data, about one-fourth of households went to market and sold some crops that they produced.
Therefore, again, the truncated regression model is used:
The total value of crop sales at market in logarithm is distributed closely to a normal distribution, which validates the truncated regression model ( Figure 5 ). 
IV. DATA
The data were collected through five rounds of household surveys carried out by the Ethiopia Road Authority (ERA), along the four main corridors that have been recently rehabilitated or are currently being rehabilitated. As discussed above, they are major Link Roads that share the similar functionality connecting major regional cities to Addis Ababa, the country's capital. According to the preliminary screening, these four roads share certain common characteristics and are broadly comparable with each other ( Table 2 Attrition turned out fairly small over time (Table 3) . The summary statistics indicate that the surveyed households are significantly heterogeneous ( Table 4) . The household income from crop production ranges from ETB50 to ETB800,000, with an average of ETB9,700 or about US$450. Recall that per capita GDP in Ethiopia was US$706 in 2016. Livestock seems to be as important as crop production in the survey areas.
The average income from livestock is about ETB8,000. Many households earn income from other activities, such as forest product sales and seasonal employment. This reflects our sampling strategy: Half of the survey villages were located close to the RSDP roads. Note that remittance income is excluded from our non-agricultural income variable because it is perhaps less relevant to our research context. In the sample, about half of the farmers participate in transactions to sell their produce at market: The average value of crop sales among those farmers is US$573, with a wide variation from only US$1 to over US$130,000.
This implies that, not surprisingly, some larger-volume producers are more likely to participate in market sales and earn more than smallholder farmers.
For the crop income equation, five inputs are considered for Xk: k = {L, R, I, F,P}, following the agricultural economics literature (e.g., Gyimah-Brempong, 1987; Bravo-Ortega and Lederman,2004) . L denotes the number of labor force in each household, which is assumed to include household members between the ages of 16 to 60. While R denotes rain-fed areas used for crop production, I represents irrigated land areas. Two advanced inputs are included:
fertilizer (F) and pesticides (P).
In the livestock income equation, land areas for grazing (G) is used instead of rain-fed or irrigated areas. Fertilizer and pesticides are, of course, irrelevant and removed. To estimate the impacts on nonagricultural income, all these agricultural input variables are excluded. 
V. MAIN RESULTS AND DISCUSSION
First of all, the fixed-effect panel regression is performed for different types of income sources. When project beneficiaries are defined irrespective of distance from the roads, it is found that only major road improvements have an impact on crop production growth ( Table   5 ). However, the more likely reason is that feeder road beneficiaries may be overestimated.
Given such low technical standards, it is unlikely that the URRAP roads would benefit those who live far from the project roads. This view is supported by the results shown in the last four columns, which are our preferred models. When beneficiaries are limited to the 2km areas of the project roads, both major and feeder roads are found to have a significant impact. with one another. This may be an intuitively obvious finding, but there has been little evidence to support this in the literature.
One may wonder whether this conclusion is robust regardless of the selection of the threshold (i.e., 2km). When project beneficiaries are defined by an alternative threshold of 5km, the significant impact of D
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remains unchanged, and the coefficient of D URRAP5km is found to be positive but not significant (Table 6 ). Thus, the results are consistent: the impact of a major road improvement is sustained over a broader area, but the impact of feeder road improvements is geographically limited.
When distance between households and roads is taken into account, this finding can be •lnKM is significantly negative at -0.15, meaning that the impact of improved URRAP roads decreases with distance. Numerically, the magnitude of the coefficient implies that the impact would taper off quickly, especially when distance is less than 2km. All the indications are that the impact of major road improvements is broader, while the impact of feeder roads is more areaspecific. Hence, the following discussion will be focused on the results based on the 2km distance identification strategy. But all the results are quite robust, as will be shown. For other covariates, the estimated results are generally consistent with our prior expectation:
The coefficient of L is positive but small and indifferent from zero. Thus, labor is not so productive. This may be attributed partly to our data issue that we assume the whole household members would engage in agricultural activities. But this may not be the case, especially when people work on non-agricultural activities. Thus, our labor variable may be overestimated, resulting in underestimating the true impact.
The coefficient of rain-fed land, R, is always positive and strongly significant. This is consistent with the fact that Ethiopian agriculture is still land intensive. Advance inputs are generally found to be productive. Particularly, the impacts of irrigation and pesticide use are significant. The coefficient of fertilizer, F, is also positive, though not statistically significant.
The findings are consistent with the fact that subsistence farming contributes the majority of agricultural production in Ethiopia.
Did the road improvement programs not contribute to improving access to advanced inputs? Equation (3) is estimated using the truncated regression model. (Table 7) . On the other hand, feeder roads do not seem to impact on the farmers' use of fertilizer. Thus, as far as fertilizer is concerned, the main road network, and not feeder roads, is of particular importance to ensure timely and more affordable availability for farmers. This may be attributed to the fact that Ethiopia imports almost all fertilizer and other advanced inputs through the Port of Djibouti, about 800 km away from the capital city, Addis Ababa.
Imported inputs are normally distributed through the main road network to regional cooperatives and farmers. This component of transportation cost contributes a substantial proportion of the fertilizer price to farmers (Rashid et al., 2013) . It may be open to debate whether the other input variable should be included in the equation. From an empirical point of view, there may be omitted variables that affect both simultaneously, for example, proximity to agrobusinesses, possibly making the result biased. On the other hand, from a practical point of view, there must be complementarities between the different inputs used. Both cases were checked. The results were almost the same.
For other coefficients, unlike crop production income, the time-specific fixed-effects are estimated to be positive for fertilizer use, meaning that the fertilizer use among farmers systematically increased in comparison with the baseline year, 2012. In addition, the level of education attained by household-heads may also be important. Some education coefficients are significantly positive. This is also a different result from the above crop income regression. As shown above, one likely results chain from road improvements to household income is that improved main roads contributed to farmers' access to input markets, particularly for fertilizer. How about access to output markets? Equation (5) is estimated at 0.36 to 0.39, which is significant at least at the 10 percent level ( Table 8) .
By contrast, major roads do not have any impact on farmers' output sales. This can be interpreted to mean that farmers are selling extra produce at their neighboring markets. This is in line with the above observation that most farmers travel fairly short distances to market (see Figure 3) . Therefore, feeder roads are far more critical than main roads, allowing the consolidation of produce which can then by distributed to larger market centers. . . . . The dependent variable is the log of crop sales at market. Cluster standard errors are shown in parentheses. *, ** and *** indicate the statistical significance at the 10, 5 and 1 percent, respectively.
Turning to other types of household income, no impact is found on livestock ( Table 9) . This may be able to be understood because pastoralism has a certain mobile aspect and is less transport-intensive. In Ethiopia, many pastoralists are scattered in remote areas. Thus, the quality of transport infrastructure may not matter much, though livestock can be reared using intensive methods in non-pastoral areas and obtaining feed and forage for the stock and delivering the stock to slaughter and urban markets is potentially more dependent on good trunk roads.
On the other hand, non-agricultural income seems be affected positively by improved RSDP roads and negatively by URRAP roads. This can be interpreted to mean that trunk road improvements generated some indirect impacts in the project areas. Given the increase in crop production and market sales, local economies may be boosted by increased activity in non-agricultural sectors. Interestingly, this impact seems to have intensified over time: the time-specific fixed-effects are significant and positive. The coefficients of T become larger the more time passes after the road improvement. The current household survey data do not allow the possible reasons behind this non-agricultural growth to be identified. Some additional data will now be examined. To investigate the indirect effects of improved road accessibility more deeply, two additional pieces of data are used, which were collected together with the household surveys. First, the demand for transport services is estimated from passenger survey data. Note that the surveyed passengers may not be the same persons over time, although the surveys were carried out at the same locations that are normally village centers where formal and informal transport services are offered. Thus, the data are cross-sectional at five periods of time and reflect overall demand for transport.
The sample size is much smaller than the above household data: 30 passengers were surveyed along each RSDP road every year. While the total sample size is 600 over five years, the following analysis uses only 498 observations because of some missing values.
Each passenger was asked about their travel time, frequency, costs and mode, as well as some basic individual characteristics, such as age and education attained (Table 10 ). In the sample, about half of the surveyed passengers travel twice to four times per month. About 35 percent travel only once a month. The censored regression is performed where the dependent variable is the number of journeys per month. Our dependent variable is censored to (i) once, (ii) 2 to 4 times, (iii) 5 to 8 times, and (iv) more than 8 times, because of our simplified survey design. 6 The results
show that the mobility of people is crucially dependent on proximity to the nearest feeder road in good condition (Table 11) . It is significantly reduced when people live more than 1
hour from an all-weather road. The coefficients of FEED1-2hr and FEED2-3hr are estimated to be significantly negative. On the other hand, the proximity to RSDP roads does not seem to affect people's demand for transportation. To examine the interaction effect between RSDP and feeder roads, a dummy variable representing those who have a good feeder road in less than 1 hour is created. As expected, this variable has a positive and significant coefficient of 0.563. However, there is no significant interaction effect on the transport demand between the main and feeder road accessibility.
The estimated demand equation also indicates what constraints on mobility people face in rural Ethiopia. One of them is efficiency of transport services: The coefficient of travel time, TIME, is significantly negative, meaning transport speed is important to meet people's demand for transportation. The waiting time variable (WAIT) also has a negative and weakly significant coefficient. That is, transportation demand would be reduced when waiting time is longer. The finding is in line with the positive coefficient of bajaj, which is a three-wheeler taxi now widely used in Ethiopia. Frequency of transport services really matters. This is why people seem to prefer to use bajajs, because they do not have to wait for a taxi or bus to be fully laden with passengers before departing. On the other hand, transport fares have a negative coefficient, as expected, however, there is no statistical significance.
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In our sample, no one responded that she traveled more than 8 times. Thus, we have only 3 discrete choices that are actually observed.
The transport service demand is found to be significantly high when people engage in retail and other local businesses, such as bakery and carpentry: The coefficient of SME is significant. Farmers' demand seems to be weak: the coefficient of FARM is small and statistically insignificant. This is broadly consistent with the above. The estimation results suggest that there is an important indirect effect on local businesses. As the feeder road network improves, agricultural production and market sales increase. Together with such agricultural growth, local economies will grow, with more transport services provided. This is a much broader impact that improved roads can generate. Another set of complementary data covers local businesses. Along with the household surveys, local enterprises were also interviewed. Again, the sample size is limited; Only 30 firms, such as retailers and restaurants, were surveyed along each RSDP road every year.
Each firm was asked about the number of employees and their basic business environment.
In the sample, the average size of firms is about 5 employees (Table 12) .
Logarithmic panel regression was performed on the size of firms. It was found that the improvement of RSDP roads had a positive and significant impact on the firm size (Table 13) .
This is consistent with the above local business hypothesis: as the local economies pick up, local businesses are hiring more people. The demand for local services increases along the main corridors. Feeder road accessibility is also important: The size of firms is significantly reduced when they are located more than 30 minutes from an all-weather road. The coefficients of FEED30-60min and FEED>3hr are significantly negative.
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Though, there is no clear synergy between the RSDP and feeder road proximity.
By type of business, hotels, restaurants and pharmacies are among the rapidly growing subsectors, compared with a baseline, which is retailers. As the traffic increases, these businesses along the improved roads are likely to expand, generating more local jobs. While supply increases, prices are also likely to decline. These indirect effects are considered as a main reason why the road programs have a positive and significant impact on nonagricultural household income.
Note that in our sample data, there are no firms that are located 1 to 2 hours from an all weather road. 
VI. CONCLUSIONS
Rural access is among the most important infrastructure constraints in rural Africa. Despite a relatively large number of earlier studies in this area, there are still divergent views on the results chains generated by rural access improvement. The paper examines the heterogeneous impacts of road accessibility on agriculture and non-agricultural growth. It is found that it is important to distinguish between different types of road to understand these heterogeneous effects.
Using the comprehensive household and other data from Ethiopia, the paper examined the impacts of corridor improvement and feeder road rehabilitation. It was found that crop production is increased by both major and feeder road accessibility. Significant synergy between them was also found. When investigating further into this effect, there are actually two different impacts: Farmers' access to input markets, especially fertilizer, was improved mainly by major corridor improvement. On the other hand, output market access was improved by feeder road improvement, though this impact seems to be relatively weak.
These findings may make sense given the current Ethiopian context. The timely distribution of fertilizer relies on the main road network, because many agricultural inputs are imported from abroad. Farmers may sell extra produce in their neighboring markets, but the market participation is generally still limited.
It is also found that there is no significant impact of accessibility on household income from livestock. By contrast, the households' non-agricultural income is increased by improved road connectivity. There seem to be other indirect effects. With additional data, further investigation was carried out: It is found that along the improved roads, significant transport demand was generated by local business activity. As the road condition was improved, the local economies grew with more local jobs created. This is the main source of the secondary effects of road improvements.
To meet the increasing demand for transport services, efficiency and frequency are found to be important. The elasticities are small but statistically significant. By contrast, transport costs do not seem to be critical. Thus, not only physical infrastructure, regardless of whether it is a main road or a feeder road, but also transport services are also important to promote economic growth in rural Ethiopia.
